Two new one-dimensional coordination polymers of barium(II) and strontium(II)-acesulfamato complexes such as [Ba(C 4 H 4 NO 4 S) 2 (H 2 O)] n (1) and [Sr(C 4 H 4 NO 4 S) 2 (H 2 O)] n (2) have been synthesized and their molecular structures were identified by X-ray diffraction technique. Both barium(II) and strontium(II) complexes crystallize in the centrosymmetric monoclinic space group P12 1 /c1 and barium(II) and strontium(II) ions, which are surrounded by O-and N-atoms, have the coordination number of nine. Each complex forms a structure like a polymer extending parallel to the a-axis. The molecular structures of those complexes were stabilized by O-H···O and C-H···O hydrogen bonds.
INTRODUCTION
Acesulfame is a non-nutritive sweetener and is consumed since 1988, the year it was discovered. It is not digested or accumulated or changed in the human metabolism and is quickly excreted from the body [1] . While some ammonium-acesulfame compounds display acute oral toxicities, deterrent activity and skin irritation [2] , choline acesulfamate is known having low toxicity [3] . In addition to biological importance of acesulfame, its coordination properties are important because acesulfame has potential donor atoms forming coordination bonds with metal ions [4] .
In recent years, metal-organic frameworks (MOFs) or coordination polymers have attracted much attention because of their topology and potential applications in catalysis, absorption (gas storage), separation, luminescence, magnetism and drug delivery abilities [5] [6] [7] [8] [9] [10] [11] [12] .
The chemistry of the s-block elements is very interesting and they are preferred to transition or lanthanide metal ions, because s-block ions are generally non-toxic, inexpensive and soluble in aqueous media [5, 6] . Barium, being an s-block element, does not exist in nature in its elemental form, but it is present as divalent cations in combination with other elements [16] . Barium sulfate, which is an insoluble salt, is used as an enteric contrast agent for magnetic resonance studies [14, 15] . Strontium is also an alkaline earth metal, which in nature appears mainly as SrSO 4 or SrCO 3 [13] . Both, BaSO 4 and SrSO 4 , exist also as biominerals in some marine species [16] . Besides, low doses of stable strontium have beneficial effect for treatment of osteoporosis [17] [18] . In this paper properties of barium(II) and strontium(II) acesulfamate complexes forming 1D coordination polymers, are reported.
General methods
The IR spectra of the title compounds were recorded between 4000 -400 cm -1 with a Bruker Vertex 80V FT-IR spectrometer using KBr pellets. Single-crystal X-ray data were collected on a Stoe IPDS II [19] single crystal diffractometer employing monochromated MoKα radiation at 296 K. X-AREA [19] and X-RED [19] programs were used to cell refinement and data reduction respectively. SHELXS-97 [20] and SHELXL-97 [20] programs were used to solve and refine the structures respectively. ORTEP-3 for Windows [21] and Mercury [22] were used to prepare the figures. WinGX [23] and PLATON [24] software were used to prepare material for publication. H9A and H9B atoms, given in Section 3, belong to both barium(II) and strontium(II) complexes and are located in a difference map and refined isotropically, but O9-H9A and O9-H9B bond distances were restrained as 0.82 (1) Å for the strontium(II) complex. The other H atoms attached to C atoms were positioned geometrically [C-H=0.930 Å and 0.960 Å] and refined using a riding model U iso (H)=1.2U eq (C) and 1.5U eq (C).
Synthesis
A 50 ml of hot aqueous solution (60 ºC) of acesulfame potassium salt (0.04 mol, 8.05 g) was gradually added to a 50 ml of hot stirred solution of barium perchlorate (Ba(ClO 4 ) 2 ) (0.02 mol, 6.72 g). The mixture was further stirred on a hot plate at 70 ºC up to dryness. The formed complex separated from the resulting precipitate by absolute ethanol extraction where KClO 4 is not soluble. The final ethanolic solution was allowed to evaporate at room temperature for a few days and the x-ray quality crystals of compound 1 were obtained (yield 87%).
For compound 2, the procedure was exactly the same except a 50 ml of strontium perchlorate (Sr(ClO 4 ) 2 ) (0.02 mol, 5.73 g) solution was used. The x-ray quality crystals of compound 2 were obtained with the same procedure used for compound 1.
The crystal data of the complexes are given in Table 1 .
T a b l e 1
Crystal data and structure refinement 2. THEORETICAL STUDY Geometrical parameters were calculated by using the Gaussian 03 program package [25] and B3LYP (Becke's three parameter hybrid functional using the LYP correlation functional) approach in conjunction with the 6-31G(d,p) basis set. Initial values for the modeling were obtained from the xray data.
For the harmonic vibrational frequencies, the same process given above was used for finding the optimized structure. The obtained frequencies were scaled by 0.9627 [26] . The vibrational bands were assigned by using the Gauss-View molecular visualization program [27] .
The molecular electrostatic potential V(r), at a given point r(x,y,z), in the vicinity of a molecule is defined in terms of the interaction energy between the electrical charge generated by the molecule's electrons and nuclei and a positive test charge (a proton) located at r. The V(r) values were calculated for the system studied as described previously using the Equation 1 [28] , In the literature, only 2D coordination polymer of acesulfame has been reported so far [29] . In the crystal structure, barium(II) and strontium(II) ions, which lie along a-axis and link acesulfamato ligands and barium(II) or strontium(II) ions, are bonded to two N-, four O carbonyl -, two O sulfonyl -atoms of acesulfamato ligands and one O-atom of aqua ligand. The crystal structures have two barium(II) and two strontium(II) centers along the a-axis and 1D polymer chains lay along the a-axis. The two crystal structures are similar with the exception of metal ions. The Ba···Ba distances along the a-axis were found as 4.466 Å, and 4.473 Å and Sr···Sr distances were found as 4.289 Å and 4.334 Å. As can be seen in Figure 1 , metal ions bond to two different acesulfamato ligands in asymmetric unit and the bond distances for these acesulfamato ligands are close to each other. Additionally, the dihedral angles between these acesulfamato ligands are 0.64 (17)° for barium(II) complex and 0.61 (18)° for strontium(II) complex. The theoretical values of these angles were found 64.62° for barium(II) complex and 76.03° for strontium(II) complex. The S-O bond distances of the barium(II) and strontium(II) complexes were found to be 1.429 (2) Å and 1.432 (3) Å for O1-S1; 1.424 (2) Å and 1.427 (2) Å for O5-S2; 1.415 (2) Å and 1.417 (3) Å for O2-S1; 1.414 (2) Å and 1.423 (3) Å for O6-S2; 1.611 (3) Å and 1.610 (3) Å for O3-S1; 1.613 (2) Å and 1.614 (3) Å for O7-S2, respectively. If the carbonyl groups are considered, C1-O4 and C5-O8 are 1.256 (3) Å and 1.253 (4) Å for barium(II) complex, 1.256 (4) Table 3 , the bond distances between strontium and other atoms are not as long as bond distances between barium and other atoms. Since the electronic radius of the strontium is less than the electronic radius of the barium, this situation is predictable. The bond distances between Ba(II) ion and other atoms are 
1D polymeric chain structures of the complexes can be seen in Figure 2 . In the molecule, barium(II) and strontium(II) ions, which bonded in the same way, have the coordination number of nine.
The crystal structure of barium(II) complex has O9-H9A···O6, O9-H9B···O2 and C8-H8B···O5 hydrogen bonds between chains, which extend along [100] direction and the geometric parameters belong to these hydrogen bonds are given in Table 2a . Similarly, the strontium(II) complex has the same hydrogen bonds with barium(II) complex and these hydrogen bonds present in the same part of the molecules. Moreover, the crystal structure of the strontium(II) complex has also C2-H2···O2 hydrogen bond. The detailed geometric parameters of these hydrogen bonds are given in Table 2b . 
T a b l e 2b

Hydrogen-bond geometry for strontium(II) complex (Å, °) D-H·
Theoretical results
The obtained theoretical value of C3-O3 bond distance for barium(II) complex is closer to the experimental value than the other bond distances and both experimental and calculated values of this bond are 1.386 (4) Å and 1.3841 Å, respectively. The least difference between theoretical and experimental values for strontium(II) complex was obtained for C1-C2 bond distance with 0.0002 Å difference. The biggest difference between experimental and theoretical values for both compound 1 and compound 2 was found in O3-S1 bond. The experimental and theoretical values for this bond distance are 1.611 (3) Å, 1.9061 Å for compound 1 and 1.610 (3) Å, 1.9057 Å for compound 2, respectively. When the experimental and theoretical bond distances were compared, theoretical values are more inconsistent with the experimental values for the O-S bonds than the other bond distances. The experimental and theoretical bond distances of complexes are given in Table 3 . The smallest value between experimental and theoretical bond angles was found as 0.3226° for C7-O7-S2 of barium(II) complex and as 1.6105° for C3-O3-S1 of strontium(II) complex. The calculated bond angles for compound 1 are more consistent than the calculated angles for compound 2 compared to the experimental angles.
T a b l e 3
Some selected bond distances of the barium(II) and strontium(II) complexes (Å) (M=Ba (II), Sr (II)).
The experimental and theoretical values for the first complex are 115.95 (15)°, 117.5039° for O1-S1-O2 and 116.01 (15)°, 117.5272° for O5-S2-O6, respectively. Some selected experimental and theoretical bond angles of the barium(II) and strontium(II) complexes can be seen in Table 4 . When the torsional angles are considered, the nearest theoretical and experimental values for barium(II) and strontium(II) complexes should be found for C1-C2-C3-O3 and O4-C1-N1-S1. Because the theoretical values were calculated for asymmetric unit, the reason of the large differences between experimental and theoretical values for torsional angles seems to be interesting and needs to be determined. Some torsional angles of compounds are given in Table 5 . 
T a b l e 4
Some selected bond angle of the barium(II) and strontium(II) complexes (°) (M = Ba(II), Sr(II)).
T a b l e 5
Some selected torsion angle of the barium(II) and strontium(II) complexes (°) (M = Ba(II), Sr(II)).
Compound
Frontier molecular orbital
The HOMO-1, HOMO, LUMO and LU-MO+1 orbitals were calculated for asymmetric units of barium(II) complex and the distributions and energy levels of these orbitals are presented in Figure 3 . As can be seen in Figure 3 , LUMO+1, LUMO, HOMO and HOMO-1 frontier molecular orbitals of the barium(II) complex are distributed on whole surface of the molecule. While the LU-MO+1 and LUMO orbitals display similar distribution, the HOMO and HOMO-1 display similar distribution on molecule.
The electrons are not delocalized on Ba1 atom in all molecular orbitals, whereas the barium(II) is not coordinated fully. Additionally, although the LUMO+1 and LUMO orbitals are localized on O9 atom, HOMO and HOMO-1 orbitals are not localized on O9 atom. If the HOMO-LUMO gap is considered, the energy difference between HOMO and LUMO is 4.0727 eV.
The LUMO+1, LUMO, HOMO and HO-MO-1 orbitals of the strontium complex are also distributed on all surface of the molecule similar to the barium(II) complex. The HOMO-LUMO gap energy value for this molecule was calculated as 4.0504 eV. The HOMO-LUMU gap energies both barium(II) and strontium(II) complexes are almost at the same level. 
Molecular electrostatic potential (MEP)
We used MEP values that correspond to the surface determined from points with electronic density ρ 0.0004 a.u. The molecular electrostatic potential map of barium(II) complex is given in the Figure 4 . The most positive region with 0.1340 a.u. is the environment of barium(II) ion, which is not coordinated fully. The most negative regions are in the vicinity of the O1, O2, O5 and O6 atoms. The O9-H9A···O6, O9-H9B···O2 and C8-H8B···O5 hydrogen bonds exist in the crystal structure of the barium(II) complex and this result is consistent with theoretical study. When the strontium(II) complex is considered, the most positive region can be seen as surrounding the strontium atom with 0.139 a.u. The most negative regions are around of O1, O2, O5 and O6 atoms similar to barium(II) complex almost with -0.0435 a.u., -0.045 a.u., -0.0455 a.u. and -0.0278 a.u., respectively.
Vibrational spectrum
The experimental spectra of barium(II) and strontium(II) complexes were also compared with the theoretical spectra of those complexes in 4000-600 cm -1 ranges. The experimental and theoretical spectra that belong to barium(II) and strontium(II) complexes can be seen in Figure 5a and Figure 5b . Table 6 . T a b l e 6 
Some vibrational frequencies of the barium(II) and strontium(II) complexes (cm -1 ).
CONCLUSION
The crystal structures of two onedimensional coordination polymers were investigated by X-ray diffraction technique and the molecular properties calculated by DFT methods with B3LYP/6-31G(d,p) basis set. Both barium(II) and strontium(II) complexes have the coordination number of nine and show similar crystal structure. In each complex, one aqua ligand and two acesulfamato ligands are coordinated to barium(II) and strontium(II) ions. The hydrogen bonds between the chains present in the crystal structure and these hydrogen bonds establish three-dimensional networks. The energy gap of HOMO-LUMO found to be 4.0727 eV for barium(II) complex and 4.0504 eV for strontium(II) complex with B3LYP/6-31G(d,p). These energy differences almost are the same level. As shown at MEP, while the electrophilic attach centers of this complex are at the environment of sulfonyl oxygen and the intermolecular hydrogen bonds are shown at these regions from information obtained by x-ray diffraction.
